Abstract-The performance of photovoltaic system is affected by solar radiation, temperature, shading and cells configuration. This paper presents a suggested solution to cure the problems of the shade, by the use of the cascaded multilevel inverters adapted to the situation of non-identical continuous DC PV sources and commended by an appropriated PDPWM control.
INTRODUCTION
The research interest in renewable energy especially the solar energy, are continuously increasing because of the rising price of the traditional energy resources and the serious environmental pollution.
Nevertheless, the performances of the photovoltaic system are affected by solar irradiation, temperature, shading, cells configuration and the associated power stage Thus, the design and analysis of photovoltaic modules require a tool that can estimate the behavior of the generator under various weather conditions. Therefore there is a need for models that can provide solar radiation information on a tilted plan of any orientation.
The photovoltaic generator is composed of series and/or parallel cell associations. The output voltage and current can be modified according to the configuration made. As consequence, if an increase of voltage is desired than it is required an augmentation of the series PV cells. On the other hand for the current increase, it is required to connect the PV cells in parallel; so the exploitation of the maximum power point follows this rule.
The photovoltaic panels of the same field are generally exposed to several shading phenomena make them deliver non-identical and variable voltages depending on the shades intensities caused by buildings, trees...
The cascaded multilevel converter seems to be an appropriate associated power stage to connect PV panels to the AC loads. In fact, this converter is characterized by a modular structure naturally adapted to the photovoltaic modules since it uses several independent continuous sources. Moreover this structure is advantageous according to several aspects such as reliability, flexibility, the extensibility and the segmentation of power.
The cascaded multilevel converter also called cascaded H bridge converter synthesizes an important output voltage from several small voltages. The total output voltage is the sum of the terminal voltages of the H-bridges installed in series .
The proposed topology is presented in figure 1 : The global radiation absorbed by a horizontal sensor is composed from three components:
GH: the total radiation received on the horizontal level. BH: the direct radiation corrected by atmospheric phenomena. DH: the diffuse radiation which comes from the celestial vault.
The horizontal solar radiation is given by considering the isotropic condition of the sky, by the following relation [2] :
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The transposition of the radiation, from the horizontal plane to a random tilted plan depends on the solar geometry (longitude, latitude, solar variation, the time angle, angular height, azimuth and fraction of insolation) [3] , as shown in figure 2: Figure 2 . Geometric parameter GI: total radiation absorbed by the tilted plan BI: direct radiation DI: diffuse radiation RI: Reflected radiation β: angle of inclination α: angle of incidence γ: angle of orientation towards the south ρ: coefficient of albedo of the ground For a tilted plan above the horizontal and directed to the South, BI is the resultant of two components projected on the normal of the plan. For a tilted plan randomly oriented, the expression of the direct component is given by the following equation [2] [3] Times and Coulson [5] proposed the following model which considers thecase of an anisotropic distribution of the diffuse radiation:
Where
, and is the illumination fraction.
The tilted plan still receives a contribution of radiation reflected by the ground, so the reflected component is given by the following relation [2] [3] [5] :
To obtain the total radiation, the three components are added Figure 3 shows simulation of the global radiation received on tilted plan (angle 45° and orientation 60° to South) in Tunisia (Altitude 5m, Latitude 36°North), on the day of the 22 nd December. The global radiation model was realized in Matlab/Simulink environment. The simulation requires specific data of the Sun's path obtained from professional software PVSyst V5.14 [6] 
III. THE PHOTOVOLTAIC GENERATOR MODEL A. PVcell model
There is many ways to represent the model of a PV cell due to the several influences of parasitic resistances in the production of electrical energy [7] , but the photovoltaic cell is generally represented by the following figure 4: The electrical equivalent circuit consists of a current generatorfor modeling the incidental luminous flow, a diode for the polarization phenomena and two resistances (series and shunt).
The short-circuit current (Isc) is given by the following expression [7] [8] It grows linearly with the illuminationintensityof the cell and depends on the lightened surface, the wavelength of the radiation, and the temperature.
Under "the standard test conditions" STC of measurements G = 1000 w/m, T=25°C ²; the effect of Rs is negligible (point (1) of I (V) curve). In this case, the current of short-circuit can be regarded as being equivalent to the Iph photocurrent, i.e. proportional to radiation G When consideringRs is null and Rsh is infinite, we obtain the following relation:
B. PVPannel Generator
A photovoltaic cell alone is often not very usable; its low thickness makes it very fragile and it produces an To simulate onePV cell and to determine the characteristic curves I (V) and P (V), with the purpose of adjusting the parameters to obtain a desired Isc current and Voc voltage, a variable load is connected at the cells boundaries.
Thus realized the following curves are obtained by following the STC conditions during simulation: (T= 25°C; G=1000W/m ²; AM=1.5), where AM refers to "Air Mass" constant. 
C. Impact of the variation of the radiation on the PV
pannel By a programmed script, we could successively make simulation while varying the solar radiation from the value 400 w/m² to the optimal value 1000 w/m². The simulation results are represented by figure 6. Note that the short circuit current Isc is proportional to the radiation variation; on the other hand the open circuit voltage Voc value changes less differently comparing to Isc. But the step between one variation to another get bigger if the number of cells in series increases. During the carried simulations, the temperature is considered constant, but also, the solar radiation contains in its expression the parameter of the temperature, i.e. the shading created by an optical obstacle causes in the same time the fall of the radiation value and the temperature degree. Therefore the photovoltaic panels of the same field are generally exposed to several shading phenomena make them deliver non-identical and variable voltages depending on the shades intensities.
IV. INTEGRATION OF ASYMETRIC CASCADED MULTILEVEL CONVERTER
A cascaded multilevel converter (CMC) consists of Hbridges or commutation cells connected in series and each one has its own continuous DC source [11] [20] . Every single H-bridge inverter is composed of two IGBT switches per leg :T 1j and T' 1j . The continuous DC sources can be identical or not identical, from where the definition symmetrical or asymmetrical structures of the multilevel cascaded converters [14] .
The output voltage of the CMC is the sum of the various output voltages of the H-bridges which makes the waveform shape of staircase containing various levels. The switching signals are respectively S1j and S2j ordering T 1 j and T2j and S'1j and S'2j ordering T' 1 j and T'2j.
The following notation Vc (1, j) is presented, where J is the number of the cell of the CMC, thus "S1j" the ordering of the cell number j of the CMC.
Vpvj
Vcj
For each cell, the output variables are expressed according to the control signals as follows
Sj function defined by
We obtain Consequently, the output voltage Vn is given by:
For the asymmetrical CMC the coefficient called αj is introduced, it is the ratio of the Vj voltage by Vj-1 voltage [15] [17] In the case of the asymmetrical CMC, the uniformity is described by the coefficient αj if αj=constant. Thus, the output voltage Vn is given by the following expression:
Otherwise for a photovoltaic system receiving solar radiation and representing a DC input for the CMC inverter, the αj coefficient is generally random, the output voltage Vn has the following expression:
For a symmetrical CMC Vcj = E; regardless j, αj = 1thus the output voltage is equal to:
A. CMC Modulation
The PWM principle is presented for a CMC with 3 Hbridges.
The main principle of the phase disposition PWM is illustrated in figure 8 for a 7-level inverter. [10] [11] [12] . The peak to peak amplitude Am is equal to the sum of the voltages E of the DC continues bus of the CMC inverter. For n commutations cells, 2*n triangular carriers with the same frequency and same amplitude are in phase and disposed in adjacent bands [16] . For the asymmetrical CMC, non-identical inputs are attributed to the inverter through the DC bus. The PWM technique is applied using vertically disposed triangular carriers (PDPWM) [17] [21] . Changes are realized on the levels of carriers in such way that the model became generic, i.e. it receives new information concerning the measured voltages in real-time, without forgetting that the amplitude of the reference sine wave belonged to this handling. We present in the following figure 9 the synoptic diagram of this technique. The interest of this part consists in comparing the two pulse width modulations by simulating the photovoltaic system: CMC, PV modules connected to a RL Load. For adopting the commands of PDPWM and the asymmetric PDPWM to the PV system, three PV panels having different radiation and temperature (based on the model of radiation earlier developed) are used. The configuration is represented in figure 10 . The applied PDPWM has as consequence the loss of two voltage levels. The waveform of the output voltage has 5 levels instead of 7 levels, as shown by the figure 11:we notice the fall of the RMS value of the output voltage, it is weak and declines provided energy from the solar panels. The application of the asymmetrical PDPWM technique for CMC topology make considerable improvement in the total harmonic distortion ratio also it preserved the number of levels of the output voltage even if an intense shade is applied. This improvement is carried out when the asymmetrical PWM generates Api amplitudes and triangular carriers that are adapted in real-time to the continues DC voltages buses. Thus during the generation of the control signals, the output waveform contains less harmonics and preserves its voltage levels. This characteristic is absent in the symmetrical command which is not adapted to the changes of the amplitudes that causes on the one hand more harmonicsand on the other hand a loss of voltages levels when the intensity of shading increases.
V. CONCLUSION
Through this work a study and modeling of the solar radiation was made by taking a consideration of the solar obstacles (clouds, or shades of proximity) while basing ourselves on geometrical knowledge of the system GroundSun. The solar radiation is characterized by the intermittency and the non-stability. The study of the photovoltaic module showed that their electric characteristics are strongly related to the solar radiation and consequently their sensitivity to the shade.
An interest was allotted to the modulation of the multilevel H-bridge inverter feeding an inductive load through the PV generator. The PWM strategy proposed is well adapted to the variations of the solar radiation received by the various modules supplying the continuous DC buses of the multilevel converter. Indeed the asymmetrical PWM clearly improves the harmonic rate of distortion for the voltage by reducing its value from 29.08% to 22.63%; in addition, this technique preserves the same number of levels of voltage output waveform in the situation of an intense shading.
